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Effect of La on structures and properties of the liquid-solid
diffusion bonding interface of magnesium/aluminum
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Abstract: Die-casting is a new magnesium/aluminum dissimilar welding process via casting liquid Mg alloy onto the
solid Al alloy substrate. The difficulty of liquid—solid connection of magnesium/aluminum is the nature oxide layer on the
solid Al alloy substrate surface that usually prevents metallurgical bonding between the magnesium and aluminum.
During this process, the formation of some intermetallic compounds with a high hardness and brittleness over the
interface would deteriorate the mechanical property of materials. The process of removing the oxide layer on solid Al
substrate surface was investigated, and on this basis, the melt magnesium alloy was cast onto the solid aluminum alloy
A390 by using home-made liquid-solid bimetal composite device. The effect of La on the structures and properties of the
liquid-solid diffusion bonding interface of Mg/Al was researched. The results indicate that after adding the rare earth La
into the magnesium alloys, f-Mg;;Al;, at the interface of magnesium aluminum diffusion bonding gradually becomes
less and thinner, and the cast grain is gradually refined. Most of La and Al combine to generate high melting point and
high heat stability of rare earth phase-Al;;La; phase. When the magnesium alloys contain 1% rare earth La, the maximal
shearing strength of the interface can achieve 88.5 MPa.
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Table 1 Chemical composition of A390 aluminum alloys

(mass faction, %)

Al Mg Mn Si Cu Fe Ti Zn
Bal. 0.8-1.2 <0.1 16-18 4-5 <05 >0.2 >0.1
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Fig. 1 Schematic diagram of high vacuum tube furnace test

apparatus for Mg/Al dissimilar metal liquid-solid bi-metallic test
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Fig. 2 SEM image (a) and XPS results (b) of galvanized

coating

Mg-La alloy
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Fig. 3 Interfacial wetting morphology between Mg-La alloy

and A390 aluminum substrate bi-metallic sample
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Fig. 4 SEM images of interface of pure Mg/A390 bi-metallic
sample (a) and Mg-La/A390 bi-metallic sample (b)

BEl5 Mg-La/A390 Ffhit FHHIHEA K RETE 7 AT
Fig. 5 SEM image(a) and EDS analysis result (b) of Mg-La /
A390 bi-metallic sample
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Table 2 EPMA test result of interface areas a;, a, and aj

Mg-La / A390 bi-metallic sample

Mole fraction/% . Inference
Area No. n(Mg)/n(Si)
Mg Si component
a 66.1 339 2.0 Mg,Si
a 66.7 333 2.0 Mg,Si
as 67.2 32.8 2.0 Mg,Si

F3 XWEEFERFHALR by, by F by 1) EPMA J3HT 45 R
Table 3 EPMA test result of interface areas b;, b, and b;
Mg-La / A390 bi-metallic sample

Mole fraction/% Inference
Area No. n(Mg)/n(Al)
Mg Si component
b] 58.2 41.8 1.4 Mg17A112
bz 59.9 40.1 1.5 Mg17A112
b3 58.6 41.4 1.4 Mg17A112

Table 4 EPMA test result of interface areas c;, ¢, and c;

Mg-La / A390 bi-metallic sample

Mole fraction/% Inference
Area No. n(Al)/n(La)
Mg Si component
¢ 78.3 21.7 3.6 Al Las
Cy 79.2 20.8 3.8 A111L3.3
C3 77.7 22.3 3.5 A111L8.3
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Fig. 6 Interfacial shear strength of Mg-La / A390 bi-metallic
samples with different contents of La: (a) SEM image of
Mg-0.5La/A390 sample; (b) SEM image of Mg-1.5La/A390; (c)
Shear strength of Mg-La / A390 bi-metallic samples
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